ABSTRACT: 18-Crown-6, one of the most relevant crown ethers, and sodium cholate, a steroidal surfactant classified as a natural bile salt, are components of a novel, synthesized coordination complex: 18-crown-6−sodium cholate (18C6· NaCh). Like crown ethers, bile salts act as building blocks in supramolecular chemistry to design new functionalized materials with a desired structure and properties. In order to obtain thermal behavior of this 1:1 coordination complex, thermogravimetry and differential thermal analysis were used, as well as microscopic observations and differential scanning calorimetry. Temperature dependent infrared (IR) spectroscopy gave a detailed view into phase transitions. The structures during thermal treatment were observed with powder X-ray diffraction, and molecular models of the phases were made. Hard, glassy, colorless compound 18C6·NaCh goes through crystalline−crystalline polymorphic phase transitions at higher temperatures. The room temperature phase is indexed to a triclinic lattice, while in the high temperature phases molecules take randomly one of the two different configurations in the unit cell, resulting in the 2-fold symmetry. The formation of cholesteric liquid crystalline phase occurs simultaneously with partial decomposition, followed by the isotropization with simultaneous and complete decomposition at much higher temperature, as obtained by IR. The results provide valuable information about the relationship between molecular structure, thermal properties, and stability of the complex, indicating the importance of an appropriate choice of cation, amphiphilic, and crown ether unit in order to synthesize compounds with desired behavior.
INTRODUCTION
Crown ethers constitute one of the most prominent molecules in host−guest chemistry, often called the simplest benchmark substrates resembling the general features of key-pocket inclusion complexes. 1 Among the most salient properties of crown ethers stands their specific binding and solvation of cationic species, alkali, alkaline-earth, transition-metal, and ammonium cations, 2−6 which makes them a perfect and valuable tool in organic synthesis. These macrocyclic polyethers are known as neutral complexing agents, with specific selectivity as the result of their cavity size that adopts cations of comparable ionic radii and the capability of the cyclic ether backbone to build a coordination shell, optimizing the interaction of its electron donor oxygen sites with the cation. 7−9 The number and type of donor atoms, conformational flexibility for most effective coordination, as well as the size and form of the coordinated guest and charge density dictate different binding activity, as well as preorganization by means of symmetric and chiral arrangements and the solvent effect. 4, 8, 10, 11 Consequently, these "ionophore-model systems" are very attractive to chemists and applicable in many areas; from biological mimics, and models of biological receptors, 12 to recovery, removal or selective complexation and transport of species, 13 usage in environmental, 14, 15 as well as pharmaceutical 16, 17 applications. Moreover, they have been used as building blocks for a broad range of modern materials, 10, 18, 19 chromatographic agents, 20, 21 and so forth. Alkali metal elements have an important role in biological processes, primarily as bulk electrolytes that stabilize surface charges on proteins and nucleic acids, 22 and also play unique structural role in biological systems. 23, 24 Crown-ligands with alkali metal elements make coordination compounds based on electrostatic interaction through ion-dipole attractions, 25 useful for simulations of properties and behavior of natural substances.
Cholic acid is a steroidal surfactant compound classified as a natural bile acid. The literature describes a vast amount of pharmacological applications of bile acids and their derivatives, including the use in treatment of their deficiency, dissolution of cholesterol gallstones, 26 and antiviral 27 and antifungal properties. 28 Like crown ethers, bile acids act as building blocks in supramolecular chemistry to design new antibiotics, 29 cationic or anionic receptors, 30, 31 templates, scaffolds, or ionic channels. 32, 33 Some cholic acid based macrocyclic compounds are cholaphanes usually used as transmembrane anion carriers, 34 cyclocholates used in host−guest chemistry or molecular recognition studies, 35 as well as bile acid based chiral dendrons of nanometric dimensions, 36 or molecular boxes. 37 It is already known that cholic acid forms inclusion crystals with various guest compounds. Attempts to form inclusion crystals of cholic acid with various guest compounds have revealed a variety of molecular assemblies, with the hydrogen bonding directly involved in the structure of bile acid crystals and forming different network patterns: from two-dimensional sheets 38, 39 to three-dimensional host frameworks, making cumulated channel-type bilayers, accompanied by guest responsive transformations of crystal structure, and variable guest-dependent polymorphism. 40, 41 Host−guest compounds of cholic acid with n-alkylammonia revealed two types of bilayer-like structures; in 1:1 complexes, guests are included in the hydrophobic zones between those layers in a kind of sandwich-type structure, while in 2:1 compound bilayers cross and form one-dimensional hydrophobic channels into which guest molecules are included. 42 Besides crossing structures with cagelike cavities and bilayered structures with channellike cavities, the honeycomb structure with hexagonal channels is also representative crystal structure of cholic acid drivatives. 43 In general, more than 13 kinds of host frameworks, differing in volume, shape, polarity, and chirality of guests, have been found so far. 38, 39 Diversity is the result of the hierarchical structure in steroids, based on characteristic bimolecular and helical 2 1 screw assemblies, 44 retained by the hydrogen bonding network of the three hydroxyl groups in the steroidal skeleton, and building bundles. Moreover, it is the result of the steroidal skeleton asymmetry, facial amphiphilicity of molecules, 40 type of guest components, 42 and various combination of hydrogen-bonding arrangements. In principle, the bile salt molecules possess information, expressed through their molecular architecture.
Complexes formed between crown ether compounds and surfactants are less explored, especially in terms of thermochemical studies. A lot of studies conducted on crown ether complexes provided information about thermotropic mesomorphism during thermal treatment, from hexagonal columnar mesophases in complexes with 18-crown-6 drivatives, 45, 46 to cholesteric liquid crystalline behavior for cholesteryl esters bearing 16-membered crown ethers. 47 Complexes with crown ethers containing aza, thio units or other heteroatoms have also shown rich thermal behavior with polymorphism and liquid crystal formation. 48−51 This Article comprises structural and thermochemical study of a novel 18-crown-6 (18C6) complex with sodium cholate. X-ray diffraction techniques are one of the most reliable methods to solve the structure. Due to the complex nature of steroidal compounds and thus more tedious procedures, single X-ray diffraction has been more often used in determination of molecular arrangement in crystals, 39,42,52−54 rather than powder X-ray diffraction. In this study, the structure of 18C6−sodium cholate complex is completely characterized with temperature dependent powder X-ray diffraction technique. Besides thermogravimetry, microscopic observations, and differential scanning calorimetry, infrared spectroscopy in a wide temperature range was used. It was recently shown by Zimmermann and Baranović5 5 that phase transitions can be detected by rapid and simple analysis of absolute variations of a baseline in a temperature-dependent mid-infrared transmittance spectra. The method is based exclusively on changes in optical properties of the material under investigation. Thus, some phase transitions, overlooked by more commonly used methods, become readily evident by IR spectroscopy, as seen in our recent publications. 56, 57 Further advantage of temperature-dependent IR spectroscopy lies in the fact that it provides an elegant link between macroscopic and microscopic properties. In other words, it does not only detect phase transitions, but the variations in the fingerprint region of the recorded spectra reflect the changes at molecular level, which are manifested at macroscopic level as phase transitions. The results given in this study provide valuable information about the relationship between molecular structure, thermal properties, and stability of the complex, indicating the importance of an appropriate choice of cation and crown ether unit to synthesize compounds with eligible behavior. Such experiments widen the research field of ion complexation and supramolecular chemistry to make new, functionalized materials with a desired structure and properties. Figure 3 . Infrared spectra of 18C6·NaCh complex at RT in the 1900−400 cm −1 region (a). Baseline corrected variable-temperature infrared spectra in the 323−473 K temperature interval (b), and temperature dependence of the baseline absorption (c). Inset shows the first derivative of the curve for the purposes of determination of the transition temperature. A detailed view of spectra with the most prominent changes at defined temperatures is seen in Figure S1 (Supporting Information).
EXPERIMENTAL SECTION
3α,7α,12α-trihydroxy-5β-cholanic-acid sodium salt (NaCh, C 24 H 39 O 5 Na, M w = 430.60 g mol −1 ; Sigma Ultra, min. 99%), were obtained from Sigma-Aldrich and used without further purification for the preparation of the complex.
18-Crown-6-sodium cholate complex (18C6·NaCh) was prepared by high temperature mixing of equimolar aqueous solutions of both components. After aging (few days at room temperature), during which water spontaneously evaporated, the sample was dried under vacuum at room temperature (RT) until constant mass was obtained, and then the sample was stored protected from moisture and light before use. The precipitated compound was waxy and after being vacuum-dried and was glassy, colorless, and transparent.
The identification of complex was performed by elemental analysis (PerkinElmer Analyzer PE 2400 Series 2). Elemental analysis expressed as mass fraction in percent confirmed that the complex is 1:1 charge ratio adduct: C 36 
Measurements. Thermogravimetry (TG). The loss of weight due to the heating was measured by TG, with a Shimatzu DTG-60H instrument. The sample was heated from RT to 573 K at the heating rate of 5 K min −1 in synthetic airflow of 50 mL min −1 . The temperature range for thermal analysis of the sample was determined by examination of TG and DTA (differential thermal analysis) curves.
Differential Scanning Calorimetry (DSC). DSC was carried out with a PerkinElmer Pyris Diamond DSC calorimeter in N 2 atmosphere equipped with a model PerkinElmer 2P intracooler in N 2 atmosphere, at the rate of 2 K min −1 . Temperature and enthalpy calibrations were performed using high purity standards (n-decane and indium). The transition enthalpy, ΔH/kJ mol −1 , was determined from the peak area of the DSC thermogram; and the corresponding entropy change, ΔS/J mol −1 K −1 , was calculated using the maximal transition temperature. All results are mean values of several independent measurements carried out on different samples of the same compound, taken from the first heating and cooling run.
Microscopy. Textures were examined with a Leica DMLS polarized optical light microscope, equipped with a Mettler FP 82 hot stage, and a Sony digital color video camera (SSC-DC58AP).
Infrared (IR) Spectroscopy. IR transmission spectra of the solid samples were recorded at 4 cm −1 resolution in KBr pellets on an ABB Bomem MB102 single-beam FT-IR spectrometer with CsI optics, DTGS detector. The KBr sample pellets were prepared by mixing ∼2 mg of the individual sample with 100 mg of KBr with a pestle and mortar made of agate. The use of KBr as matrix allows the usable spectral range of 4000−300 cm −1 . Each spectrum represents an average of 100 Fourier-transformed interferograms. A Specac 3000 series highstability temperature controller with a water cooled heating jacket was used to measure the spectra within the temperature range from RT up to 523 K under atmospheric conditions and at heating rate of 2 K min −1 and 2 K steps. In variable-temperature infrared spectroscopy, heat is used as an outside perturbation, while the consequent changes in infrared spectra reflect the rearrangement of the sample on molecular level. It should be remarked that experimental setup, that is, KBr pellets transmission technique, constitutes a thermodynamically open system. Thus, it allows free diffusion of the gaseous products, which arise due to the heating of the sample. Each single-beam spectrum collected in a temperature run for individual sample was ratioed to the single-beam spectrum of the sample-free setup (the reference spectrum) recorded immediately before starting the temperature-dependent measurements.
Powder X-ray (PXRD) Diffraction. PXRD diffractograms were recorded using a rotating anode copper source (λ/Å = 1.54) and a MAR345 image plate detector. The powder sample was put in a glass capillary, and its temperature was controlled using a cryojet system (Oxford Instrument). The 2D diffraction patterns were converted to I−2θ curves by radial average.
Thermodynamics of the 18C6-Crown Decomplexation. Thermodynamics of the 18C6-crown decomplexation process was considered by infrared spectroscopy. Since decomplexed 18C6 crown is free to diffuse from the system, decomplexation is determined by equilibrium constant defined as
where the 18C6−MA and MA state for complexed and decomplexed salt of M = sodium (Na) and anion A = cholate (Ch), respectively. The amount of the produced MA is given by
Since the experimental conditions allow free diffusion of the decomplexed 18C6 crown from the system, the expression for equilibrium constant is simplified to eq 3:
Obviously, at room temperature, [18C6−MA] = c 0 (18C6 − MA), while at the end of decomplexation [18C6−MA] = 0 mol dm −3 . In terms of spectroscopic observables, the equilibrium constant is
where A 0 (18C6−MA) is absorbance of the band due to the 18C6−MA complex at 353 K, that is, when the sample is dehydrated. Now, combining the expression for equilibrium constant 4 with general expression for temperature dependence of equilibrium constant 5:
we obtain eq 6:
Therefore, enthalpy and entropy changes due to the decomplexation are readily obtained from the absorbance measurement of complexed and decomplexed sodium salt.
RESULTS AND DISCUSSION
Solid-State Phase Transitions. Formation of solid 1:1 complex 18-crown-6-sodium cholate (18C6·NaCh) is accomplished through the equilibrium defined as
It is a hard, glassy, colorless and transparent compound (Figure 1a ), which becomes crystalline by complete dehydration (Figure 1b) at cca. 355 K, as evident from TG, DSC, and temperature-dependent IR spectroscopy (Figures 2a,b and 3a,c) . TG shows that the water contributes by 5% in the mass of the sample, which means that 2 water molecules bind to every 18C6· NaCh molecule. A prominent DSC endothermic peak (Table 1) indicates moderate O−H···O type hydrogen bonding. The most important functional groups assigned to spectral features at RT are presented in Figure 3a and Table 2 . A slight rise of infrared baseline absorption at 353 K is well correlated with decrease of the mass, as observed by TG. Thus, it indicates dehydration of the sample. In this temperature region, IR spectra suffer the most prominent change in the 3700−3180 cm −1 range, attributed to hydrogen bonded water symmetric and antisymmetric OH stretching oscillators, but also to OH groups of cholate anion. Thus, this region was considered in more detail, and is explained in the Supporting Information ( Figure S1 ). Comparison with TG and DSC data shows that dehydration occurs as two-step process, of which the first ends at 360 K. This corresponds well to behavior of the features due to the 18C6 moiety (Figure 4a and b). The step of dehydration is mainly due to water which is hydrogen bonded to 18C6 crown moiety. This explains the steep decrease of the intensity of the bands corresponding to characteristic ether ν(C−O−C) band at 964 cm −1 (Figure 4b) , caused by the decrease in electron density on oxygen atoms of 18C6.
After that, another step occurs between 370 and 390 K, simultaneously with changes of cholate symmetric ν(COO) band (Figure 4c and e) , together with only a moderate decrease of intensity of the 18C6 bands at 964 and 1107 cm −1 (Figure 4a  and b) . This is in accordance with the DSC result of obtained polymorphic phase transition at 380 K (Table 1 and Figure 1c) . A sudden shift toward the lower wavenumbers of both antisymmetric and symmetric ν(COO) bands is observed around 380 K. This is accompanied by increase of the intensity of antisymmetric band (Figure 4d ) and moderate decrease of the symmetric band intensity (Figure 4e ). The observations show that one of the water molecules is hydrogen-bonded to the 18C6 moiety, while another is in slightly stronger interaction with carboxylic group of cholate anion. Increase of the ν as (COO) band intensity indicates an increasing ionic character of the bonding between Na + and carboxylate moiety of cholate, caused by release of hydrogen bonded water molecule. Difference of the ν as (COO) and ν s (COO) band positions indicate monodentate bonding over the whole temperature range. The most significant change occurs around 380 K, when for the symmetric band shift of Δν s = 15 cm −1 is observed, while for antisymmetric band no shift is resolved in the spectra. This gives the change in mutual distance between antisymmetric and symmetric band from 172 to 185 cm −1 . This transition obviously corresponds to change in bonding due to the dehydration and partial decomplexation of 18C6. However, TG does not show a significant decrease of the mass, which indicates that decomplexed 18C6 mainly remains in the sample. Decomplexation of 18C6 from NaCh·18C6 is also confirmed by comparison of IR spectra of the sample as obtained above 400 K with spectrum of purchased NaCh (see Supporting Information, Figure S2 ).
It is clear also from PXRD results (Figure 2d ) that crystalline 18C6·NaCh complex suffers two phase changes, accompanied by dehydration. The RT phase (Figures 2d and 5, Table 3 ) has been indexed to a triclinic lattice. It is already known that the cholic acid molecule crystallizes in orthorhombic system in a kind of crossing structure. 58 The intercalation of such a molecule into the 18-crown-6 cavity changes the type of crystal system, and consequently causes the elongation of the a and c axes, and shortening of the b axis of the crystal lattice (Table 3) . According to the results, the complex exhibits two polymorphic transitions, both occurring simultaneously with dehydration of the sample, in accordance with other experimental results. The high temperature phases are monoclinic, as shown in Figures 6 and 7 . As is evident from Table 3 , lattice parameters of the two monoclinic phases are very close to each other, suggesting very similar structure. According to the quantum chemistry studies, this could be due to the changes of minimum energy 18C6−Na + conformers. 4 To construct the structural models of the three phases, diffraction patterns for proposed models were simulated and compared to those obtained by experiment. Figures 5−7 show the models for which the best fit between simulated and experimental diffractograms has been achieved. PXRD diffractograms of 18C6·NaCh at different temperatures as well as indexing of room temperature phase and higher temperature phases of 18C6-NaCh are shown in Figure S3 and Table S1 in the Supporting Information. Having in mind the molecular mass of 18C6·NaCh, and assuming a density of 1.0 g cm −3 , the volume of the molecule can be estimated to be 1155 Å 3 . Comparison of this with unit cell volume suggests for all three phases that there is only one molecule is the unit cell. As the molecule is chiral, no mirror or inverse center is possible in the structures. Thus, the space group of the triclinic phase can only be P1 (Figure 5 ), as it was obtained also for the 18C6−potassium picrate complex. 52 Formation of different host frameworks and network patterns within cholic acid compounds 39−43 seems to be very common. Cholic acid and n-alkylammonia form bilayer-like structures in the monoclinic phase, sandwich-type structure for 1:1 complexes, and crossing-type bilayers for 2:1 complexes. 42 It seems that, in this case, the arrangement in the triclinic phase also appears as layerlike, with the crown ether unit and sodium on one side, and the cholate anion on the other side, similar to that found for 18C6−sodium 4-(1-pentylheptyl)benzenesulfonate. 56 Unlike these results, the crystal smectic phase layers of 18C6−sodium n-dodecyl sulfate are composed of repetitive units of two crown ether layers with extended dodecyl chains. 56 For the two monoclinic phases (Figures 6 and 7) , the fact that there exists a unique axis requires it to be a 2-fold axis, so the space group can only be assigned as P2. In addition, as there is only one molecule in the unit cell and the molecule itself do not have a 2-fold rotational axis, we propose that the 2-fold symmetry originates from the molecules taking randomly one of the two different configurations, so-called "orientational disorder" (related by a 2-fold symmetry) in the unit cell. This may also explain the diffuse scattering observed around 2θ = 22°for the two monoclinic phases.
Liquid-like State Phase Transitions. Thermogravimetric analysis (Figure 2a) shows that the most prominent decrease in mass for this system occurs between 423 and 523 K, with the transition temperature (inflection point of TG for the mass decrease in the defined temperature period) of 493 K. The decrease in mass of the sample in the considered step with respect to starting mass m 0 was 0.37, which is undoubtedly attributed to decomplexation with consequent evaporation of free 18C6 from sample. The transition temperatures and thermodynamic parameters given by the DSC together with the thermodynamic parameters for decomplexation, calculated from the absorbance measurement of complexed and decomplexed sodium salt (IR), explained in the "Thermodynamics of the 18C6-Crown Decomplexation" subsection, are shown in Table 1 . Temperature-dependent infrared spectroscopy was used in order to explain the thermal changes on the molecular level for this temperature period (Figures 1c, 3, and 4) .
IR spectra in Figure 4e show an isosbestic point at 1395 cm −1 , which indicates simple equilibrium between the NaCh·18C6 complex and NaCh. Above 400 K, the area of the ν(OH) region remains constant, reflecting that the sample is completely dehydrated and the absorbance in this region is exclusively due to the cholate OH groups. Microscopic observations detected at 400 K characteristic patterns of chiral nematic (cholesteric) − partly homeotropic, partly s = 1 disclinations, with dark patches that indicate helix, that is, chirality (Figure 1d ), but the texture starts to disappear due to partial decomposition, which is in accordance with previously mentioned IR results. Thermal properties of 18C6·NaCh complex are very similar to those obtained for 18C6-sodium n-dodecylsulfate and 18C6-sodium 4-(1-pentylheptyl)benzenesulfonate. 56 The formation of liquid crystalline phases is very common in complexes with crown ethers, but unlike the examined one most of the mesophases formed are stable until isotropization and are enantiotropic. 45−51 Unlike chiral nematic behavior noticed in the examined complex, smectic phases were obtained for other 18C6 complexes, 56 hexagonal columnar mesophases are formed in gallic acid substituted ortho-terphenyl dimers linked by a central 18C6 ether 40 or dibenzo 18C6 with different alkyl chain lengths, 46 and nematic liquid crystals as well as smectic A phase in combination of 18C6 or rodlike 4,4″ didecyloxypterphenyl unit. 56 The diversity in thermal and thermotropic behavior of 18C6 complexes points to the promoting effect of the attached groups or guest molecules in the complex.
The partial decomposition also matches with the result of temperature dependence of the IR baseline absorption at 2500 cm −1 , shown in Figure 3c . The slow decomplexation is seen as an abrupt increase of absorbance above 395 K, with a transition temperature at 445 K, as determined by differentiation. In this range, a simultaneous decrease of the absorption at 1107, 964, and 837 cm −1 (Figure 4a and b) indicates the release of 18C6 from the sample. However, it should be mentioned that the IR baseline behaves different from that of TG, indicating significantly lower transition temperatures. However, this is not surprising, since the two techniques reflect different processes. Namely, the variation of IR baseline absorption is due to decomplexation of the 18C6 from Na + . On the other hand, TG reflects evaporation of the free 18C6 from the sample. The intensities of IR features due to 18C6 vibrations are much better correlated with TG.
A steeper drop of the intensities of all IR spectral features due to the 18C6 moiety above 410 K is well correlated with TG, and is explained by evaporation of free crown 18C6 from the sample, which is now of liquid-like appearance. The difference in the shapes of curves is a result of the different oscillators, which cause these bands. The band at 1107 cm −1 is due to the ν(C−O) of crown ether. Thus, the change in absorption occurs due both to decomplexation and diffusion, resulting in nonlinear dependence. On the other hand, the band at 964 cm −1 is assigned to ν(C−O−C) and is only slightly affected by complexation. Thus, its decrease reflects only diffusion of crown 18C6 from the system, resulting in linear dependence. Obviously, diffusion in the liquid phase is significantly facilitated by transition to liquid phase. After that, a moderate change in the symmetric band position, accompanied by increase of both symmetric and antisymmetric ν(COO) band intensity, occurs at 440 K, which coincides to transition between liquid crystal to disordered liquid phase (isotropization) with simultaneous but complete decomposition (Table 1) .
CONCLUSIONS
A compound constituting of 18C6 ether and NaCh surfactant was synthesized as a 1:1 coordination complex, and its structure was confirmed with elemental analysis and NMR spectroscopy. Its thermal behavior was examined by the techniques that were of great complementarity. Thermogravimetric and differential thermal analysis, differential scanning calorimetry, temperaturedependent IR spectroscopy, PXRD, and microscopic observations gave a detailed insight about phase transitions of the complex. Temperature dependent IR spectroscopy and PXRD solved the problem on the molecular level and gave a detailed view of the microscopic background of macroscopically observable phase transitions. The structure during thermal treatment was observed with powder XRD, and molecular models of the phases were made. Very good fit is achieved between the experimental and calculated values of the diffraction angles, and the molecular models presented are results of tedious trial-anderror work to get intensity matching. Considering the low symmetry (triclinic and monoclinic) and powder diffraction, this gave very valuable information on the changes of ordering during the solid-state phase transitions. The 18C6·NaCh complex shows complex thermal behavior. Dehydration of the sample is a two-step process, occurring at 350 and 380 K. The two water molecules are absorbed to each formula unit, where the first is hydrogen bonded to the 18C6 ligand and another to the carboxylic group of the cholate anion. The complex goes through two solid−solid polymorphic transitions, accompanied by dehydration. The room temperature phase is indexed to a triclinic lattice with the P1 space group, while the high temperature phases are monoclinic with the P2 space group, and there is only 1 molecule in the unit cell. The lattice parameters of the two monoclinic phases are very similar to each other, suggesting that their structure is also very similar. The molecules take randomly one of the two different configurations in the unit cell, resulting in the 2-fold symmetry.
The formation of the liquid crystalline phase seen through characteristic patterns of cholesteric phase occurs simultaneously with partial decomposition. This process is followed by the complete decomplexation of the Na + ion from the crown 18C6 ligand and consequent diffusion of the crown 18C6 from the sample, seen as an abrupt increase of absorbance in the IR spectra above 395 K, with a transition temperature at 445 K. The study provides the relationship between molecular structure, thermal properties, and stability of the complex. We hope this work will be useful for the previously mentioned potentional applications of these new and similar synthesized crown complexes.
■ ASSOCIATED CONTENT * S Supporting Information IR spectra of the 18C6·NaCh complex in the 3700−3180 cm −1 range, taken at different temperatures; comparison of the room temperature IR spectrum of purchased sodium cholate (NaCh) and of the 18C6·NaCh high temperature phase; PXRD diffractograms of 18C6·NaCh at different temperatures; indexing of room temperature phase and higher temperature phases of 18C6·NaCh. This material is available free of charge via the Internet at http://pubs.acs.org.
■ AUTHOR INFORMATION
Corresponding Authors *E-mail: tmihelj@irb.hr. Fax: +38514680245. Tel: +38514571211. *E-mail: vlastom@irb.hr.
Notes
The authors declare no competing financial interest.
■ ACKNOWLEDGMENTS
This work has received support from the Ministry of Education, Science and Sport of the Republic of Croatia (Projects No. 098-0982915-2949, 098-0982904-2941). The authors are grateful to Prof. Dr. Sc. G. Ungar and Dr. Sc. Xiangbing Zeng, Department of Materials Science and Engineering, University of Sheffield, for the PXRD measurements and interpretation of the obtained diffractograms.
